This research aimed to analyse the sensibility of maximum non-erosive flow rate, proposed by Walker & Skogerboe (1987) collected from four experimental areas under distinct field conditions. As a result, impracticable maximum non-erosive flow rates could be identified in response to certain combinations of soil superficial rugosity and slope. It was observed that the increase of both rugosity and slope caused the maximum non-erosive flow rate variation to decrease.
INTRODUCTION
Currently, a major concern of man is the management of water resources in a sustainable manner, to meet the growing demand for food by the world's population in order to avoid compromising future generations, farmers have sought to optimize the use of water through planned irrigation systems.
Irrigated agriculture is responsible for over 80% of global water consumption with respect to agricultural production system. When the irrigation process is carried out inadequately, causes serious damage to the environment because of entrainment for the surface and underground water bodies of synthetic fertilizers and pesticides, also causing the removal of fertile soil layers.
In order to improve efficiency of application and distribution of the furrow irrigation water, the water management of the techniques is the use of non-erosive maximum flow rate during the advance phase. Another method is to use intermittent flow of water in the distribution furrows, the two methods, is the positive improvement in the performance of surface irrigation systems. However, both have the disadvantage of requiring the farmer, more labor-intensive and more investment in equipment.
The objective of this research was to analyze the sensitivity of the maximum flow non-erosive proposed by Walker & Skogerboe (1987) , the furrow slope field parameters ranging from 0.007 to 0.019 m m -1 and roughness of the soil surface of 00.1 to 0.0477 m -1/3 s, open furrow irrigation system with continuous flow to soil type loam silt clay.
MATERIAL AND METHODS
For spatial numerical solution of the equations of the kinematic waves model, it was used, in this research, the Eulerian integration procedure with first order approximation by Walker & Humpherys (1983) and Wallender (1986) , which results in two algebraic equations more stable and easier to be dissolved in microcomputers.
Conceptually, the approximation considers the surface and subsurface profile of water throughout the wetted area during sequential stages of calculation. The Figure I illustrates the surface and subsurface profiles of flow in the times ti-1 and ti, identifying the cells which compse them. During each stage of calculation the water flow advances an incremental distance, x; e.g., during the first interval (first stage of calculation), extends to a distance x1; in the second interval, to a distance x2, and so. It can be generalized to the distance of the advancing front, xi, in the time ti, as it follows:
Where xk is the k th increment of space, defined by the advance during the interval, when i = k, where k is the number of time increment. The infiltrated volume was determined by using the trapezoidal rule by the equation:
where: L -length of the area, Zi -accumulated infiltration to point i, m 3 m -1 ; nnumber of segments in which the furrow is subdivided
The accumulated infiltration in each segment of the furrow is given by: The recession phase is marked by disappearance of water from surface soil.
According to some authors, the recession occurs as soon as the water application ends.
In this work, the depletion and recession phases were neglected, considering that the cutting time, tcom, replaces tr in the Equation 5.0. Azevedo (1992) , used in the statement of SIRTOM model. These data are used by the accuracy with which they were obtained and for representing extreme conditions in relation to various parameters. Table 1 shows data of flow (Qo), slope (So), water application time (tco), furrow length (L), furrow spacing (E), Manning hydraulic roughness (n) and infiltration parameters ( a k and ) and the empirical constants of the furrow geometry equation (C and M) in the examples studied.
RESULTS AND DISCUSSION
The results of the sensitivity analysis, the maximum flow non-erosive, are shown in Table 1 . It is observed that there were marked variations in flow rate (Qmax) in relation to the roughness (n) and slope (So). For PISG1 field data, it was found that for By analyzing the four field data it was found, then there is a conjugate of n and So effect on Qmax value, or a parameter of the effect depends on the effect the other. The largest value Qmax (8.34 L s -1 ) was greater for the smaller roughness and slope, the reverse happening to the lowest value Qmax (0.04 L s -1 ), then it appears that the surface roughness exerts much greater effect on the maximum flow that the non-erosive slope and for any value of So, as n increases Qmax also increases, since for any value of n, Qmax decreases with an increase in So, a fact that once explained in equation of maximum flow non-erosive proposed by Walker & Skogerboe (1987) , So as a divisor is the maximum speed non-erosive water (Vmax), while n, besides being a multiplicative factor Vmax is squared, therefore, Qmax increases as n increases and decreases when So increases. For the slope and roughness tracks used in this sensitivity analysis, which express real field conditions, were detected combinations of these parameters that generate maximum flows non-erosive impractical because they are both very small and too large. In practical terms, Qmax must exceed the minimum flow, so one that guarantees that water will advance to the final of the irrigated area, and less than or equal to flow normally available to irrigators for water managers in irrigated area;
including in many cases at a reduced flow strategy is impractical due to the availability of a certain volume of water for sufficient time to allow the use of a maximum nonerosive flow.
These results demonstrate the need for special attention to estimate the roughness of the ground surface, which must be as accurate as possible, since it may even become use limitation of a maximum flow non-erosive because of lead to impractical values of Qmax, outside the acceptable range in the literature, which is 1.2 to 4.0 L s -1 . Walker & Skogerboe (1987) recommend, for smooth advance and irrigated areas, for prepared freshly areas for field conditions in which the density of the culture obstructs water courses movement, respectively, to values equal to 0.02 n, 0, 04 and 0.15. Table 2 shows, in bold, the combinations between n and So that result in acceptable Qmax. This sensitivity analysis was also of great value to establish an interface in SASIS software, able to guide the user of this tool in the imput of appropriate values for n and So, the process of simulation of furrow irrigation with continuous flow and optimizing your performance.
Criddle (1956) cited by Bernard (1995) proposed an empirical equation, dependent on the slope of the furrow, to calculate the maximum non-erosive flow, the values obtained from this equation are adequate for medium texture soils and slope close to 0.5%. In clay soils can increase the flow and sandy soils, which will decrease it.
This equation, the flow is overrated for smaller slope than 0.5% and underestimated for more slopes than 0.5%. The equation Walker & Skogerboe (1987) , used in this research takes advantage of the equation Criddle (1956) , because its degree of empiricism is smaller, since, besides the slope, it also considers the roughness and the ability of water courses storage furrow through empirical parameters of the geometry of the cross-flow section. To implement the reduced flow strategy, Daker (1988) has a maximum initial flow table that a furrow can receive without being subject to erosion, due to its slope, for the minimum slope (0.5 per thousand) the maximum flow rate is 4.0 L s -1 , as to the maximum slope (5.0 per thousand) is 1.3 L s -1 . According to this author, the reduced flow will depend on the infiltration rate of the soil parameter that can be determined for the various processes.
CONCLUSIONS
The study identified combinations of ranges between the roughness of the surface of the soil and the slope of the furrow, resulting in impractical maximum flows, small or large values. It was also found, the combined effect of these parameters, and that the greatest effects correspond to roughness. 
